Objective: To compare the effectiveness of two methods in encouraging the consideration of a leap from one patient management routine to another: (i) real-time review of the facts by an external medical team (ii) implementation of the 're-thinking-protocol' ('de-Freezing') by both treating and external medical teams. Design: Students accompanied doctors, nurses and patients as non-interrupting observers. When an obvious gap between the expected and actual findings occurred, it was discussed four times: by two teams (treating team, external medical team) in two discussion modes (real-time review, de-Freezing-questionnaire). The students then recorded if a leap was considered for each discussion. Setting: The study was conducted in the emergency department of the Baruch Padeh Medical Centre, Poriya, Israel. Participants: All patients were included during times when both medical teams (treating, external) were present. Intervention(s): During 14 periods of 5-7 h each, 459 patients were sampled. In 183 patients, 200 gaps were discovered. Results: The external team considered a leap 76 times, compared with 47 by the treating team (P < 0.001). Using the de-Freezing-protocol, the treating team considered a leap 133 times. Interestingly, even the external team benefited from the de-Freezing protocol and considered a leap 140 times (NS compared to the treating team). Conclusions: While the importance of timely leaping from one patient management routine to another is emphasized in the training of physicians, medical teams too often fail to do so. The deFreezing-protocol inexpensively encourages the consideration of a leap beyond what is evoked by the involvement of an external team. The protocol is applicable to all medical processes and should be incorporated into medical practice and education.
Introduction

One of many
The delivery of my third child was advancing smoothly. Following two previous uneventful deliveries, an uneventful current pregnancy and a foetus of estimated normal weight, my obstetrician did not expect any problem. After receiving anaesthesia for the epidural, I was in high spirits and went into vivid conversation with the obstetrical team and my companions. From time to time, this was interrupted by beeps from the foetal heart rate monitoring device (i.e. a gap) that was repeatedly reset by the team who expressed their opinion on the technical inadequacy of the equipment (i.e. frozen patient management). An hour later the room was loaded with five monitoring devices and it was decided that the faulty instruments would be fixed the next morning. A phone call from my brother (i.e. external team) -a young physician who requested to talk to the obstetricianresulted in an emergency caesarean section (i.e. leaping to an alternative patient management plan) that rescued my son at the very last moment. The emergency operation resulted in a severed ureter, a nephrostomy for a year and a permanently damaged urinary bladder function (A.K.).
About 10% of all patients who enter hospitals suffer from an adverse event related to a medical error with a significant number of them dying [1] . To mitigate medical errors, written guidelines and structured protocols are used by medical teams to provide a sense of security, organization and order. Nevertheless, replacing the chosen course of treatment with an alternative one is sometimes required. This process of changing from one patient management routine to another [2] is called leaping. Leaping becomes vital when a gap between the expected and the actual findings occurs, such as the appearance of an irregular foetal heart rate pattern described in the scenario above.
While the importance of timely leaping from one patient management routine to another is emphasized in physicians' training, too often medical teams fail to do so. 'Frozen patient management' occurs when a medical team does not consider or leap to a more appropriate patient management routine despite an observed gap between the expected and the actual phenomena [2] . Frozen patient management occurs because medical care is a closed-loop process [2] . It was recently shown that the involvement of an external team, outside the closed-loop, improves the outcome for the patient [3] . However, external medical teams require surplus human resources and time [4, 5] .
We hypothesized that the likelihood of leaping from one management plan to another would be enhanced by a structured 'thinking protocol' in the form of a questionnaire that would be used whenever a gap is identified (herein termed a 'de-Freezing' questionnaire). An external team would also be more likely to consider leaping if using the de-Freezing questionnaire.
We set out to compare the effectiveness of two methods-the real-time review (regular discussion) of the facts by an external medical team and the implementation of the de-Freezing questionnairein evoking the consideration of a leap in patient management routine.
Methods
The de-Freezing protocol
There are two types of gaps between the expected and the actual findings in the clinical setting: objective or subjective. An 'objective gap' is between the physical findings and laboratory results (i.e. low haemoglobin when anaemia was not expected), whereas a 'subjective gap' is when a patient reports excessive pain despite apparently adequate medication.
There are four prototypical causes for gaps:
1. conceptual cause -performing actions under an unfit or incorrect concept, such as a diagnostic error; 2. mistake cause -administering the wrong drug or surgical procedure; 3. overdoing cause -giving a patient an unnecessary medication; and 4. underdoing cause -deleting necessary elements such as not giving a required medication.
Except for the conceptual cause, the three other prototypical causes all occur under the correct diagnosis or treatment plan. The de-Freezing questionnaire comprises three steps:
Step 1: identifying the gap;
Step 2: assigning possible prototypical causes to the gap; and
Step 3: responding to the gap.
In
Step 1, the physician should identify if any gap has occurred between the expected and actual physical findings, the expected and actual patient reaction, or the expected and actual laboratory results after each medical contact.
Step 2 involves a systematic mapping of the potential causes of the gap, as outlined by the four prototypical causes above.
In Step 3, the physician responds to the gap. First, the likelihood of each prototypical cause is estimated. If the most likely cause is an error in the treatment plan concept or diagnosis, the physician should consider leaping to an alternative treatment plan or diagnosis. If the most likely cause is a mistake, overdoing or underdoing, the physician should verify the implementation of the treatment plan.
Experimental setting
Venue
The study was conducted in the emergency department of the Baruch Padeh Medical Centre, Poriya, situated in the north of Israel. It is divided into three areas: (i) a 'lying down' area with 32 beds arranged in three corridors; (ii) a children's area; and (iii) an ambulatory area, where patients who do not have to lie down are cared for. In the lying down area, patients are allocated randomly to beds, according to when they arrive.
Treating staff
For the lying down patients, the treating teams include an internal medicine physician and a nurse for each corridor; for children, the teams include a paediatrician and a nurse; and for the ambulatory patients, the teams include the specific field physician (gynaecologist, orthopaedic surgeon) and a nurse.
External staff
The external teams in the lying down area were those that were assigned to a different corridor to the patient. For children and the ambulatory patients, the external team included a physician and a nurse that did not treat the patient.
Study staff
Engineering students accompanied doctors, nurses and patients to collect the data. The students had no medical training and acted as non-interrupting observers, asking questions and recording answers. The students visited the department during 14 periods, lasting 5-7 h each. The study collected data from all patients when both treating and external medical teams were available.
Intervention
The students were instructed to inquire about the gaps that might have occurred between the expected and actual physical findings (for example, a cardiac murmur or enlarged organs); the expected and actual reaction by patients (for example, disproportionate patient complaints) or the expected and actual laboratory results (for example, leucocyte count, abnormal electrocardiogram, etc.). The expected findings matched the results of the current diagnostic assumption or treatment plan. For example, furosemide should alleviate shortness of breath related to a pulmonary oedema.
Four pauses for discussion were defined for the study period and initiated by the students. In the first pause, the observer used traditional discussion to obtain the physician's opinion on the patient in question, seeking their opinion on gaps that may have occurred, asking their response to the gap and recording whether they considered a leap to an alternative diagnosis or treatment plan. In the second pause, the observer presented the facts of the case with an identified gap to the external team and used traditional discussion to obtain their opinion and record whether they considered a leap. In the third pause, the observer implemented the de-Freezing questionnaire with the treating team and again recorded whether they considered a leap. In the fourth pause, the observer implemented the de-Freezing questionnaire with the external team and again recorded whether they considered a leap.
Statistical analysis
The teams were coded 1 for treating team and 0 for external team. The gap discussion was coded 1 for de-Freezing questionnaire and 0 for traditional discussion. Objective gaps were coded 1 and subjective gaps 0. For each of the gaps, two outcomes were analysed separately: the first considered a leap to an alternative diagnosis and the second considered a leap to an alternative treatment plan. In each outcome, the dependent variable was a binary variable (yes/no considering a leap).
The Glimmix procedure of SAS 9.2, which fits Generalized Linear Mixed Models, was used for the inference. This is a suitable logistic regression model for repeated measures (correlated data) and a dichotomous dependent variable. The three explanatory variables in the model were type of team (treating team or external team), the mode of gap discussion (traditional discussion or deFreezing questionnaire) and the type of gap (objective or subjective). For each outcome, the final models included the three exploratory variables and their significant second order interactions. Differences between the expected outcomes for different combinations of the explanatory variables combinations were estimated. Due to the multiple comparisons, the P-values were adjusted by applying the Bonferroni correction method. P-values below 0.05 indicated significance.
The Glimmix procedure was used to compare the probability of considering a leap for both treatment plan and diagnosis for each combination of type of team × mode of gap discussion × type of gap, separately. Then, the step-down Bonferroni method [5] of P-value adjustment was used to account for the multiplicity of tests. PROC MULTTEST of SAS was applied for the P-value adjustment.
Results
The study sampled 459 patients. In 183 patients, 200 gaps were discovered (124 subjective and 76 objective; Table 1 ). For example, a patient complaining of a fall was found to have elevated blood pressure. The treating and the external team explained the objective gap of elevated blood pressure as due to anxiety (traditional discussion). A conceptual cause (missed diagnosis) for the gap was recorded only after the deFreezing questionnaire. Both teams consequently considered a possible cerebrovascular accident, which turned out to be the correct diagnosis.
A vomiting patient demonstrates an example of an objective gap. On admission, the main complaint of the patient was dyspnoea and the tentative diagnosis was pneumonia. When approached by traditional discussion, both treating and external teams attributed this gap to an anxious patient and drug-induced nausea. Following the de-Freezing questionnaire, however, the external team considered a change in the diagnosis and eventually cholecystitis was diagnosed.
A patient who came in with abdominal pain demonstrates an example of a subjective gap. The initial diagnosis for the patient was heart failure causing hepatomegaly, while the subjective gap was an unresolved pain despite the administration of pain relief medication. When approached by traditional discussion, the gap was explained by a low drug dosage and short time for the drug to be effective. Following the de-Freezing questionnaire, however, a conceptual reason was also considered and the diagnosis of nephrolithiasis was suggested and later established.
Another example of a subjective gap is an elderly patient who complained of headache and confusion. The working diagnosis was cerebrovascular accident. The subjective gap was pain in the right hand, which was related, during the traditional discussion, to be part of the patient's confusion. The patient was given acetaminophen, which did not help. When the team followed the de-Freezing questionnaire, however, three causes for the gap were considered: a low dose of pain reliever; an inappropriate pain reliever; or a fracture due to a fall, which was in the end the correct diagnosis.
In another example of a subjective gap, a child came in with a burn on his leg. He was given a topical treatment and pain relief therapy. The child and his parents were still restless despite the treatment. Following traditional discussion, both treatment and external teams tended to relate the child's complaints to a personality disorder. However, after a mistake cause was considered, the topical cream was changed to an alternative one yielding good results.
According to our step-down Bonferroni analysis, when the gaps were subjective, the probability of considering a leap from one treatment plan to another was significantly higher than the probability of considering a leap from the diagnosis (P < 0.0001). This was the case for both treating and external teams and both types of gap discussion. In contrast, when the gaps were objective, there was no significant difference between the probability of considering leaping from either a diagnosis or a treatment plan. Figure 1 displays interaction plots describing the probability of considering a leap from a diagnosis according to the mode of discussion (traditional vs. de-Freezing) and the team involved (external vs. treating), presented separately for objective and subjective gaps. When using traditional discussion, the probability of considering a leap from the diagnosis is significantly higher (P = 0.0035) for the external team compared with the treating team. When using the de-Freezing questionnaire, however, the probability that the treating team would consider leaping from a diagnosis significantly increased, which diminished the difference between the two teams.
Consideration of leaping from a diagnosis
The tests of the model effects show that there was a significant interaction (P = 0.0071) between the type of team (treating vs. external) and the mode of discussion (traditional discussion vs. deFreezing questionnaire). This indicated that the type of discussion had a greater effect on the treating team.
In addition, for both teams, the probability of considering a leap from a diagnosis was significantly higher (P < 0.0001) for objective than subjective gaps. This was true whether the mode of discussion was traditional or de-Freezing questionnaire. Figure 2 displays interaction plots describing the probability of considering a leap from a treatment plan according to the mode of discussion (traditional vs. de-Freezing) and type of team involved (external vs. treating), presented separately for objective and subjective gaps. The probability of leaping from a treatment plan for both objective (P = 0.0006) and subjective (P < 0.0001) gaps and for both types of teams increased significantly when using the deFreezing questionnaire compared with traditional discussion. The external team showed a higher probability of considering leaps from treatment plans (P = 0.0362) for both objective and subjective gaps and for both modes of discussion.
Consideration of leaping from a treatment plan
A significant interaction (P = 0.0002) was found between objective vs. subjective gaps and the mode of discussion. This indicates that the mode of discussion had a different effect on the probability that a team would consider leaping from a treatment plan depending on whether the gap is objective or subjective.
For the same type of team, and for a traditional discussion, there was no significant difference in the probability of leaping from a Figure 1 Interaction plots describing the probability of considering diagnosis leaping according to the type of discussion (traditional discussion vs. de-Freezing) and the team involved (external vs. treating) presented separately for objective and subjective gaps. Figure 2 Interaction plots describing the probability of considering treatment plan leaping according to the type of discussion (traditional discussion vs. deFreezing) and the team involved (external vs. treating) presented separately for objective and subjective gaps. treatment plan between objective and subjective gaps. When using the de-Freezing questionnaire, there was a significantly higher probability (P < 0.0001) of considering a leap from treatment plan for subjective compared with objective gaps. The de-Freezing questionnaire thus appeared to intensify the influence of the patient's reaction on the decision to leap to an alternative treatment plan.
Discussion
This study found that structured quality control methods can improve patient care by encouraging the consideration of leaping from a diagnosis or treatment plan to an alternative, more appropriate one when a gap between the expected and the observed data is observed. The positive effect of structured methods on patient safety and treatment quality is well known [2, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The majority of these concern activity processes and when thinking processes are concerned they tend to involve 'forward' processes. In contrast, the deFreezing questionnaire is a systematic backwards reflection, focusing attention on gaps between the expected and actual results. In other words, it facilitates 'breaking' the closed-loop that prevents leaping from a plan [2] . The de-Freezing questionnaire embodies the insight of the third rule in 'The House of God': 'in case of emergency, take your own pulse first'. That is to say, never forget that as a human being and the subject of your actions you may err.
To improve the readiness of medical teams to leap, previous studies have focused on establishing interdisciplinary teams [11] . However, the effects of such teams have been disappointing possibly because the medical practice struggles to manage these teams [11] or because they are also locked in a closed loop [2] .
This study has shown that while discussing gaps by an external team improves readiness to consider a leap, discussion by the deFreezing questionnaire improves it further.
Because the de-Freezing questionnaire is a 'lean' operation, and thus much more affordable to medical institutions, it can be readily incorporated into medical practice and replace more expensive methods using external teams. Furthermore, medical education, beginning in medical schools and through guided practicing during residency programs should focus on educating people to use the 'deFreezing protocol'. Having such an early start should generate positive attitudes towards this method, unlike what might be expected from current, experienced physicians. It is also worth noting that once becoming a routine way of workup and treatment, the four-question protocol (one poses to oneself) does not lead to a waste of time and does not increase paper work. Readiness to leap from a treatment plan compared to a diagnosis is significantly higher for subjective gaps. This may suggest that the 'closed loop effect' is more powerful for subjective gaps when considering a leap from diagnosis, because the patients' reactions are more easily ignored [2] . As several treatment plans can fit the one diagnosis, medical teams may be more flexible in considering a leap from a treatment plan than from a diagnosis when dealing with subjective gaps. In contrast, for objective gaps, there is no significant difference between the readiness to leap from a treatment plan compared to a diagnosis.
The probability that a team would consider leaping from a diagnosis was higher with objective compared with subjective gaps. This can be explained by our focus on the emergency department, where physicians are usually less familiar with the patient and their escorts, giving priority as a result to objective gaps. This finding may differ in other departments, particularly where prolonged hospitalization periods are concerned.
When gaps are discussed in the traditional mode, there is no significant difference between objective and subjective gaps in evoking a leap from treatment plans compared with diagnoses. This can be explained by the perception that the success of a treatment plan is more readily recognized by an improvement to the patient's sense of well-being compared with the appropriateness of a diagnostic framework. With the de-Freezing questionnaire, there was a significantly higher probability of considering a leap when facing subjective rather than objective gaps. This is probably because its systematic nature helped the physicians realize and relate to the subjective gaps. It is of benefit to educate medical teams to work according to written guidelines, but it intensifies the frozen diagnosis or treatment plan problem [2, [19] [20] [21] . The de-Freezing questionnaire allows on one hand to act according to protocols, while ensuring on the other hand systematic effort to explore the nature of apparent gaps.
The de-Freezing method is generally applicable and can readily be integrated into the curricula of medical education programs.
Further research is required to verify whether educating medical teams to implement the de-Freezing questionnaire would affect measurable outcome results.
Final note
The insights gained from this study have been translated into a management review form to be routinely used by the treating physicians (Fig. 3) . This review form was tested in our cardiology department and a completed chart is shown in Fig. 4 .
